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Abstract 
For  improving  the  adaptability  of  manufacturing  system  to  deal  with  the  complex  dynamic problemsˈ the concept of an 
organic manufacturing system has been proposed. The  monitoring  technology  of  organic  manufacturing  system  based on the 
operating mechanism of artificial immune system is  studied  in  this  paper. To eliminate promptly uncertain disturbances during the 
organic manufacturing system’s operation, an immune monitoring model of an organic manufacturing system, analogous to a biological 
immune system mechanism is proposed. The implementation of immune assessment, recognition and regulation in response to abnormal 
disturbance factors is investigated. The immune assessment model based on grey correlation degree method is analyzed in depth, and the 
effectiveness of the system state assessment method is verified experimentally through simulation. 
© 2016 The Authors. Published by Elsevier B.V. 
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1. Introduction 
As the manufacturing industry becomes more global, 
dynamic, and user-driven, it faces the challenges of 
increasing global competition, such as product varieties, 
flexible quantities, shorter life cycles, and different customer 
preferences (such as customization). Production with product 
varieties and flexible quantity has become mainstream. The 
customer demand-driven market development creates 
increasing uncertainty in the running environment of a 
modern manufacturing system, especially for complex 
production processes. A large-scale system involves recurring 
complicated process and resource constraints in the 
production line; multi-objective tasks and uncertain events 
occur frequently. Moreover, they are often accompanied by 
constantly changing and unpredictable tasks and events (e.g. 
machine breakdown and manufacturing resource 
shortages)[1-2]. Consequently, production is always dynamic 
and nonlinear [3]. 
In order to deal quickly and efficiently with a variety of 
dynamically changing demands and uncertainties in the 
manufacturing process, the authors have studied the 
organizational structure, adaptive control, and regulation laws 
of biological systems, resulting in the proposed concept of an 
organic manufacturing system [4-6]. In addition, the neural 
and endocrine regulation and immune defense mechanisms of 
an organism are applied to the study of a manufacturing 
system. 
Organic manufacturing cells are the fundamental 
components of an organic manufacturing system. Like organs 
at all levels of an organism, they are units with 
self-determination and self-organization composed of digital 
neural nodes, controllers, sensors, decision-making units, and 
so on. They can regulate themselves to deal with various 
complicated factors, in accordance with internal and external 
environmental changes[7-10]. 
© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the scientifi c committee of the 5th CIRP Global Web Conference Research and Innovation for Future Production
534   Qixiang Cai et al. /  Procedia CIRP  56 ( 2016 )  533 – 538 
Inspired by biological immune system mechanisms, an 
artificial immune system has been proposed and widely used 
in different kinds of study. There are many studies on 
practical applications of artificial immune system theory in 
fault diagnosis. An immune mechanism has also been used in 
production safety and accident pre-warning [11-14]. In 
manufacturing, an immune mechanism is used to establish 
key quality characteristics of a prevention and control model 
of the product manufacturing process, and the immune 
defense system model has been used for online fault 
monitoring and diagnosis of manufacturing systems [15-18]. 
Therefore, an immune monitoring model of an organic 
manufacturing system has been proposed, which is based on 
biological immune mechanisms. And the immune mechanism 
is used for dealing with disturbances in a manufacturing 
system to keep the system running stably and efficiently. 
2. Immune Monitoring Model of Organic Manufacturing 
System 
An organic manufacturing system consists of organic 
manufacturing cells with a particular organization and control 
method. It is a control model with recursive control 
characteristics. The requirements of the corresponding control 
model must be fully considered in building the immune 
monitoring module. The established immune monitoring 
model is shown in Fig. 1. 
In the figure, the sensors of immune monitoring cells 
acquire and process data. Meanwhile, decision-making units 
receive task information and make decisions, while the 
controllers execute relevant instructions. Displayers of the 
cell state and communication interfaces are used for immune 
information transfer among the immune monitoring cells or 
communication with the system controller [19] 
The immune monitoring module can perform 
self-adaptive regulation in accordance with internal and 
external environmental changes. In the system, the function 
and internal and external environments of the same type of 
cell are highly similar, and their immune environment and 
information are highly correlated, as well as involving the 
same antigens and antibodies. Consequently, they can form 
an immune cell group. With the tasks, state, and immune 
information transfer among themselves, they can complete 
tasks within the same type of organic manufacturing cell in a 
coordinated manner. For different types of cells, they perform 
immune regulation through coordinated control of the system.

Fig.1 Immune Monitoring Model of Organic Manufacturing System 

3. Function and design of immune monitoring model  
In the operation of an organic manufacturing system, 
many kinds of disturbance events can affect the system’s 
stability. Moreover, the more disturbance events occur, the 
worse the operating state of the system will be. Therefore, 
similarly to a biological system, an organic manufacturing 
system has a healthy state. In this paper, the number and 
severity of disturbances is taken to be the antigen 
concentration, and the healthy state of an organic 
manufacturing system is taken to be the immunity index. The 
immunity index is assessed according to all of the antigens in 
the system. The lower the concentration of antigen is, the 
higher the immunity index will be. Therefore, the system will 
maintain a healthy state. In contrast, the higher the 
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concentration of antigen is, the lower the immunity index will 
be. In that case, the system operating state worsens. Moreover, 
if the index is lower than a given threshold, the immune 
monitoring module must start to deal with the disturbances. 
In the process of self-adaptive coordination control, the 
scheduling module uses the self-adaptive scheduling 
algorithm to generate a new scheduling scheme, according to 
the current system state and the antibody parameters. In that 
way, the system can eliminate the impact of disturbances and 
keep operating stably with high efficiency. 
The immune monitoring model of an organic 
manufacturing system is based on a biological immune 
mechanism. It can recognize disturbances, quantitatively 
assess their impact as well as the system state, and then 
generate a control scheme and eliminate the impact of the 
disturbances. Its functions include immune recognition, 
assessment, learning, memory, and self-adaptive regulation, 
is shown in Fig. 2. 
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 Fig.2 Function Module of an Immune Monitoring Model
3.1 Immune recognition model 
The antigens are binary coded as 0 or 1, i.e., each 
disturbance event in the processed data of disturbance state 
vectors is expressed with one of the Boolean values 0 or 1. 
The disturbance state set of “ego” in the immune 
monitoring model is defined as: 
^ ` ^ `1 2, , , , 0,0, 0, 0 , 1,2, , .Zi Zi Zi Zij ZinV V V V V i m   
     
(1) 
The disturbance state vectors are defined as: 
^ `1 2, , , , , , 1,2, , .i i i ij inV V V V V i m       (2) 
The acquisition of the antigens 
1 2[ , , , , , ] , 1,2, , ,i i i ij inv v v v v i m    is prompted by 
immune recognition and the disturbance state is then 
expressed as: 
0, disturbance event j of type i occurs
1,          disturbance event j of type i doesn't occurij
v
­ ®¯
        
(3) 
3.2 Immune assessment model. 
3.2.1 Identification of the weight of evaluation index 
Based on the analysis of the disturbance factors, the 
monitoring index system and the hierarchical model of 
disturbance analysis are created, and a hierarchical structure 
for immunity index assessment is proposed, as shown in Fig. 
3. The target layer A includes the immunity index of the 
organic manufacturing system, the criteria layer B includes 
many kinds of antigens, and the index layer C includes 
several disturbance events of each antigen. Consequently, the 
immunity index is dependent on whether these disturbances 
occur. 
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Immunity Index of Immune Monitoring System
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Fig.3 Hierarchical Structure of Immunity Index Assessment
When experts analyze and judge the weight of each 
evaluation index, judging value from experience cannot 
accurately reflect the importance of every index due to many 
unknown factors. As a system analysis method, grey 
association analysis can analyze the connection degree of 
each factor in the system.  
The grey correlation degree method used to determine 
weights of evaluation index on the experts’ experience is 
actually quantitative comparison between each expert’s 
experience judgment weight and a maximum of one expert 
experience judgment weight (set) and to analyze and 
determine correlation degree of experience judgment weight 
according to the differences between each other experts, 
namely the correlation. The correlation shows the judgment 
of experts’ experience. The greater importance of the index in 
the index system is positively related to the greater the weight. 
Each index carries out normalization processing according to 
that, so as to determine the corresponding weights. The 
calculation method and steps are as follows: 
Step 1: Many experts go through experience judgment 
of weight and determine the reference sequence 
R evaluation indexes are set and there are s experts to 
make experience judgment of the weight of each index at the 
same time, thus constituting experience judgment sequence of 
each index weight, which is respectively shown as: 
1 1 1 1
2 2 2 2
( (1), (2),..., ( ))
( (1), (2),..., ( ))
...
( (1), (2),..., ( ))
r r r r
X x x x s
X x x x s
X x x x s
 
 
 
              (4) 
The max weight value is selected from the X1, X2,...Xr as 
"public" reference weight value,  which the weight values of 
each expert are given to , so as to form the reference data 
column X0 
0 0 0 0( (1), (2),..., ( ))X x x x s            (5) 
Step2: Calculation of the relating-degree coefficient and 
coefficient 
According to the X0 and X1, X2,..., Xr, correlation 
coefficient 0 ( )i kH and correlation degree 0iJ  are obtained 
between experience judgment value ,which each expert 
makes for each evaluation index weight, and the "public" 
reference weight by the following formula: 
0 0
0
0 0
min min | ( ) ( ) | max max | ( ) ( ) |
| ( ) ( ) | max max | ( ) ( ) |
1,2,..., , 1,2,...,
i ii k i k
i
i ii k
x k x k x k x k
x k x k x k x k
i r k s
UH U
     
  
(6) 
0 0
1
1
1,2,...
m
i i
km
i r
J H
 
 
 
¦                           (7) 
where, U is resolution ratio, (0,1)U  ˈ and usually 
0.5U  . 
Correlation size of each sequence directly reflects the 
relatively importance degree of each evaluation index 
compared to the set sequence (weights). 
0iJ is weight iZ of each decision index, so the weight 
vector of n evaluation indexes is: 
01 02 0 0[ , ,..., ,... ]i rZ J J J J                   (8) 
3.2.2 The calculation of antigen concentration 
In the organic manufacturing system, there are m 
different types of antigens. Antigen status can be represented 
by the state vector which contains n disturbance events. We 
invite s experts in the field of manufacture to give the 
experience judgment value about the effect weight of the n 
disturbance events of each kind of antigen. At this point, in 
the formula (4), the evaluation index number r=n, using of the 
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method of gray correlation degree to determine the effect 
weight as: 
1 2[ , ,..., ], [1,2,..., ], [1,2,..., ]i i i ij i m j nZ Z Z Z         (9) 
where,
1
1
n
ij
j
Z
 
 ¦ , ijZ is the effect weight of the j 
disturbance event in the i kind of antigen. 
There are m types of antigens exist in the system, the 
state vector of disturbance event in each antigen is expressed 
as: 
1 2[ , ,..., ], [1,2,..., ], [1,2,..., ]i i i ijv v v v i m j n       (10) 
In the formula: [0,1]ijv  indicates whether the 
disturbance event has happened,“0”indicates the disturbance 
event has not happened,“1”indicates the disturbance event 
has happened. 
The calculation formula about the definition of each 
antigen concentration fi in the organic manufacturing system 
is as: 
1
, [1,2,..., ]
n
i i i ij ij
j
f v v i mZ Z
 
   u ¦         (11) 
[0,1]if   indicates the i type of antigen concentration, 
The value of fi is more close to "1" , which means the antigen 
concentration is higher. That is, the greater harm to the 
system; The value of fi is more close to "0" , which means the 
antigen concentration is lower. That is, the smaller harm to 
the system. 
The calculation method of the antigen concentration 
mentioned above not only takes a comprehensive 
consideration of disturbance events contained in all kinds of 
antigen, but also considers the influence power of the 
disturbance events. That is, disturbance events with higher 
influence give bigger weight, while lower influence gives less 
weight. 
3.2.4 The calculation of immunity index evaluation in the 
organic manufacturing system 
The main objective about the calculation of immunity 
index of immune system is to determine the effects of various 
antigens on immunity index of the system. Based on 
the preceding analysis of gray correlation degree method, the 
weight of the index of antigen to immune system is calculated. 
Moreover, combined with the preceding calculation of the 
size of the antigen concentration, the immunity index of the 
organic manufacturing system can be obtained. 
For the m types of antigens in the organic manufacturing 
system, the harm degree of each kind of antigen to the system 
is different, We invite s experts in the field of manufacture to 
give the experience judgment value of the effect weight of the 
m types of the index of antigen to immune system. At this 
point, in the formula (1), the evaluation index number r=m, 
using of the method of gray correlation degree to determine 
the effect weight as: 
1 2[ ... ]TmZ Z Z Z                  (12) 
where,
1
1
n
ij
j
Z
 
 ¦ , ijZ is the effect weight of the immunity 
index of the I antigen to the organic manufacturing system. 
According to the size of each kind of antigen 
concentrations obtained from the formula (11), they can 
constitute the antigen concentration vector of the m type of 
antigen at the some point: 
1 2( , ,... )mf f f f                         (13) 
 By multiplying the concentration and its effect weight 
of all the antigens, then, sum together. We can calculate the 
damage size of all the antigens in the system. The calculation 
formula about the definition of antigen threat index is as 
follows: 
1
m
i i
i
Eval f fZ Z
 
x  u¦                    (14) 
where, m is the number of antigen type, fi is the 
concentration of the i type of antigen, iZ is the effect weight 
of the i type of antigen . 
]1,0[Eval , the smaller value of Eval means the less 
harmful of antigens in general, while the larger value of Eval 
means the greater harmful of antigens in general. 
We make the definition of immunity index of the organic 
manufacturing system Imm=1, under the normal state .Taking 
into account of the antigen damage, then the evaluation 
formula of the system immunity index Imm in the running 
process is expressed as: 
1Imm Eval                           (15) 
]1,0[Imm ,It can be seen that the smaller value of 
Eval means the less harmful of antigens in the system, at this 
point, the value of the system immunity index Imm is larger, 
which indicates the system is in a healthy state; the larger 
value of Eval means the greater harmful of antigens in the 
system, at this point, the value of the system immunity index 
Imm is smaller, which indicates the system is in a hazardous 
state, which means the requirement of further analysis of the 
immune monitoring module and taking immune response of 
antigen. Through the scheduling parameters of antibody by 
scheduling algorithm to regenerate scheduling plan to 
eliminate the disturbance influence of system and maintain its 
normal and stable operation. 
4. Summary 
An immune monitoring model of an organic 
manufacturing system was proposed in this paper, which is 
based on the regulating mechanism of a biological immune 
system. The implementation of immune recognition, 
assessment, learning, memory and regulation in response to 
abnormal disturbance factors is investigated. The immune 
assessment model based on grey correlation degree method is 
analyzed in detail, and the effectiveness of the system state 
assessment method is verified experimentally through 
simulation. Therefore, the immunity index assessment 
method can provide a reference of reasonable resource utility 
and stable operation in an organic manufacturing system.  
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